A common neural mechanism-the General Motor Programmer-is proposed by Keane (1999) to underlie both the perception of speech and the initiation of hand movement. A proposal to investigate the specific aspect of cognitive functioning this mechanism is specialized for, namely the timing or place of articulation, is outlined.
INTRODUCTION
A common aspect of cognitive processing is shared by both the perception of speech and the initiation of hand movement. This was shown in a study by Keane [1] which although designed to ascertain the relative capacity of each hemisphere for verbal processing found instead interference between a verbal perception task and the hand used to respond. Specifically, right and left handers with varying degrees of hand preference, both strong and weak as measured by the Edinburgh Handedness Inventory (EHI) [2] , responded to monaurally presented verbal stimuli (consonant vowels) in a choice reaction time paradigm. It is usual for a right ear or right visual field advantage (indicating a left hemisphere advantage) to be found using either tachistoscopic presentation, dichotic listening, or monaural listening. However, the right ear or right visual field advantage only informs us about the left hemisphere's ability. It does not inform us about the capability of the right hemisphere. Therefore, a reaction time procedure was used in the Keane study that attempted to assess the capacity of both the right and left hemispheres by requiring a response from each hand following presentation of the verbal stimuli to each ear, which meant there were four response conditions (i.e., right ear-right hand, right ear-left hand, left ear-right hand, left ear-left hand) instead of the usual two (right ear-preferred hand; left ear preferred hand). Similar to previous studies [3] [4] [5] , Keane [1] did find a right ear advantage for processing of the verbal stimuli but only in the strong right and left handers, not in the weak right and left handers. However, this right ear advantage in the strong handers was found to be related to degree of hand preference in that it was only those strong handers who used their preferred hand for writing and most other activities on the EHI but did not use their preferred hand for all the activities (i.e., the inconsistent strong handers) who were the ones to show the right ear advantage. Those strong handers who had a consistent hand preference, that is they used their preferred hand for all the activities on the EHI, did not display the right ear advantage and instead showed more of a left ear advantage. This lack of the right ear advantage in these even more strongly handed participants who would be expected to show the right ear advantage even more so than the inconsistent strong handers [6] , suggested that the necessity of making a manual response was interfering with verbal processing in the left hemisphere.
The amount of interference was found to be the same for both hands indicating that the interference was at a level of motor programming prior to right and left hand control, or even hand preference, as interference at either of these levels would result in greater interference of one hand over the other. Therefore, equal interference to both hands would suggest that the common mechanism between speech perception and programming of hand movements seems to be specialized for some aspect that is involved in an early, initiation-of-movement stage of hand control. Familial sinistrality (i.e., the presence of left handed family members) had also been taken into account in addition to the direction and degree of hand preference, and while familial sinistrality has been found to be related to other levels of hand control [7, 8] it was not found to be related to lateralization of the general motor programmer [1] . The general motor programmer, or common mechanism, is general in the sense that it is not specific to just hand movements as the general motor programming mechanism was also required for some aspect of verbal perception, and is most likely used to initiate other movements as well (e.g., movements of the OPEN ACCESS mouth). Also, while the general motor programmer was presumed (from mainly studies of brain-damaged patients) to be based in the left hemisphere [9] [10] [11] the results of the Keane study suggest that this appears only to be the case for those with a consistent hand preference.
TIMING OR PLACE OF ARTICULATION
While the Keane study [1] shows both speech perception and hand movements share the same general motor programming mechanism, what has not yet been determined is what the specific aspect that is shared by both actually is. It is proposed therefore, to re-investigate the data from the original Keane study [1] to try to pinpoint what exactly the general motor programmer is specialized for. Previous research on possible specializations of the left hemisphere on which both speech and hand movements could be based has centered around its being either some type of timing aspect or the spatial positioning of the musculature [9, [12] [13] [14] . Evidence for a left hemisphere timing advantage, particularly for rapidly changing stimuli, was shown by Schwartz and Tallal [15] in a study in which the presentation rate of acoustic change was varied. They found that when the stop consonants were presented at a rapid rate a left hemisphere advantage was found, but this left hemisphere advantage was significantly reduced when the rate of presentation was slower. Similarly, Boemio, Fromm, Braun and Poeppel [16] found activation of both hemispheres for processing temporal information in nonspeech stimuli, but found greater right hemisphere activation for the perception of stimuli comprised of longer duration, thus slower segments. In addition some more recent lesion and neuroimaging studies have also shown a left hemisphere advantage for timing [17, 18] . The finding of a correlation between nonverbal temporal analysis deficits and degree of receptive language deficits in both children with developmental aphasia and adults with acquired aphasia, such that the greater the impairment in temporal analysis the more impaired the person is for receptive language abilities would also suggest that the common mechanism between both motor production and identification of speech may be based on timing [19, 20] . However, a left hemisphere specialization for timing has been disputed [21] , with it being suggested instead that the left hemisphere is specialized for the rapid positioning and repositioning of the musculature [9, 22, 23] . Studies of brain damaged patients where those with left hemisphere damage had little difficulty performing a repetitive task but experienced difficulty when the motor task they were asked to perform required several changes in arm, hand and finger positions [9] would support a place of articulation specialization. This left hemisphere muscular repositioning motor control system would appear to mediate speech movements as well as manual movements as in a study by Mateer and Kimura [24] similar findings, but this time in relation to oral movements were found in that while fluent aphasics showed no deficit for producing single oral movements (ba, ba, ba), they were significantly impaired when producing multiple oral movements (ba, da, ga) relative to non-aphasic groups. Evidence for a common left hemisphere specialized muscular repositioning center is further supported by Kimura's [9] finding that it was the aphasic patients with left hemisphere damage that were more impaired on the manual sequencing task than the non-aphasic patients with left hemisphere damage.
DETERMINING THE GENERAL MOTOR PROGRAMMER'S SPECIFIC SPECIALIZATION
The verbal task used in the Keane study [1] that caused interference with hand movement initiation specifically required a decision on whether two consonant vowels differed with respect to voicing or place of articulation. The voicing aspect of speech (the perception of the temporal order of vocal cord vibration relative to consonant release) is taken as representing the timing feature of speech [25] , while place of articulation refers to the place or point along the vocal tract that is closed thus restricting the flow of air [26] . It is proposed therefore, to determine if the general motor programmer is specialized for timing or for place of articulation by ascertaining if the interference that was found for the consistent handers is evident between the hand response and perception of the consonant vowels when they differ for voicing, or whether instead it is evident when they differ for place of articulation. The verbal stimuli consisted of the consonant vowels: /ba/, /pa/, /ga/ and /ka/ which were presented in pairs, to which right and left handers had to decide if the two consonant vowels presented were the same or different. The difference in interference between the consistent and inconsistent strong handers was found only when the two consonant vowels differed and not when both consonant vowels were the same [1] . Therefore, both perception of speech and the initiation of the hand response must be based on some aspect of cognitive functioning that is being used to determine if two consonant vowels presented are different. The consonant vowels had been presented in the pairs: /ba/ vs. /pa/, /ba/ vs. /ga/, and /ba/ vs. /ka/. The /ba/ vs. /pa/ contrast differs for voicing (i.e., timing) but not place, the /ba/ vs. /ga/ contrast differs for place (place of articulation) but not voicing, and the /ba/ vs. /ka/ contrast differs for both place and voicing. Thus the Keane data provides an opportunity to disentangle timing and place of articulation and so determine which of these is the basis of the general motor programmer.
Perception of speech is related to bilateral hand control at the level of the general motor programmer because they share some common aspect of cognitive processing. Therefore, finding if the interference between the perception of consonant vowels when they are different and the initiation of the hand response is evident for the voicing feature of speech or for the place of articulation aspect will determine if the general motor programmer is specialized for timing or for place of articulation, and should therefore throw some light on one of the links between language and handedness.
